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work leaves much to be desired.7
Nevertheless, the publication of this book is an important event in the history of mathematics, marking
the end of a substantial period of inactivity in serious Apollonian studies since Zeuthen, displaying a new
understanding of the Conica more faithful to Apollonius’ own expositions and procedures, and revealing
the obsolescence of the algebraic interpretation. To finish the job and make the algebraic interpretation
truly obsolete, we still need the three books described above. I have no doubt that the authors of the
present work are more than qualified to carry out this task.
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Kepler’s Philosophy and the New Astronomy
By Rhonda Martens. Princeton, NJ (Princeton University Press). 2000. ISBN 0-691-05069-4,
xiii + 201 pp.
This is a splendid book—the first study to focus intently and inquisitively on Kepler’s effort to justify
an astronomy founded upon physical causes. Astronomy in Kepler’s day was most often viewed as a set
7 Another inconvenience of this book is that the figures are collected together and printed at the end of each chapter. Since
computer typesetting has greatly reduced the difficulty of printing figures with text, it is a pity that the traditional but inconve-
nient practice of printing the figures separately was not avoided.
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from whom Kepler imbibed his Copernicanism, saw physics and astronomy as disparate, not to be mixed.
Sciences to be miscible, Aristotle had said (Post. Anal. 75a38–75b20), must share common principles.
Physics was a qualitative science, astronomy a branch of mathematics. As Martens shows, Kepler agreed;
therefore his project of founding astronomy upon physics required justification.
He sought it in “archetypal ideas”—ideas in God’s mind, instantiated in the creation of the world, and
instilled into the mind of God’s image, man. In his first book, the Mysterium Cosmographicum (1596),
Kepler memorably claimed that God created the heliocentric cosmos as a symbol of the divine Trinity,
and derived the number and solar distances of the six planets from an encasement of the five regular
solids in successive concentric spheres. But this was just the beginning. Kepler’s endeavor to uncover the
archetypal ideas underlying the planetary world was a life-long, passionate affair. As he proceeded, the
task became more difficult, and in the end he would have to acknowledge that it was in some respects
impossible. It is this story that Martens undertakes to tell.
What puts a hypothesis in accord with archetypal ideas? According to Kepler it must have aesthetic
appeal, be expressible geometrically, and conform structurally to patterns found elsewhere in nature,
since nature “makes use of the fewest possible means” (p. 109).
An early success was Kepler’s discovery that the complications of Ptolemy’s and Copernicus’s explana-
tions of the planetary latitudes were eliminated if the planes of the planetary orbits were taken as passing
through the center of the actual Sun rather than the Mean Sun (an empty point). Empty points, Kepler
asserted, were without causal efficacy; archetypally, only a body could exercise influence on another
body.
The motions of the planets, Kepler argued, were due to the Sun. He found that, in the orbit of a
particular planet, the daily arcs as seen from the Sun were almost precisely as the square of the
inverse ratio of their solar distances. This meant that the planet’s linear motion at the greater dis-
tance was less. Something similar (but not the same!) happened going from planet to planet, outward
from the Sun. Distance, said Kepler, is a kind of relation whose essence lies in endpoints; there-
fore the cause of the variation in motion must inhere in one or other of the endpoints (p. 108). He
decided that the planet was moved by an immaterial virtue issuing from the Sun, its strength de-
creasing linearly with distance from the Sun. Within Kepler’s pre-Galilean dynamics, this was another
success.
From here on, however, the difficulties mounted. Mars’ orbit proved to be not circular but oval; how,
then, to account for the moving in and out? Kepler found a formula for it (the “libration” was pro-
portional to the versed sine of the eccentric anomaly), but unhappily it depended on an empty point,
the orbit’s center. He next excogitated a quasi-magnetic analogy for the motion, vague in some re-
spects, implausible in others. The versed sine of the eccentric anomaly could be replaced by the versed
sine of the co-equated anomaly, an angle not involving an empty point, if the “magnetic” axis of the
planet (supposed parallel on average to the apsidal line) nodded a bit between aphelion and perihe-
lion. Kepler wanted to make a mechanical model plausible, but it remained embryonic and unachieved
(Chapter 4).
In his Harmonice Mundi (1619), Kepler attempted to uncover a musical structure—a scale—in the ratios
of the motions of the planets at their aphelia and perihelia. Kepler’s argument to the harmonic archetype,
Martens finds, was impressive but exceedingly complicated. Competing demands required that some
planetary motions be less than perfectly harmonious.
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law,” as we call it: the planetary periods are as the 3/2 power of their mean solar distances. He did
not explain his path to this law, and as Martens says, it has remained shrouded in mystery. Here is a
thought—the reviewer’s, not Martens’s, but suggested by Martens’s account of Kepler’s archetypal jus-
tification for assigning the cause of planetary motion to the Sun. For a particular planet, as mentioned
earlier, the daily arcs as seen from the Sun vary almost exactly as the inverse ratio of the squares of
the solar distances; or equivalently, the times per degree of arc are directly as the squares of the so-
lar distances. This result can be derived, within Kepler’s dynamics, from the supposition that the solar
virtue is inversely proportional to solar distance. Applying this same rule to all the planets would pre-
sumably be the archetypal thing to do. Then the periods of the planets would be as the squares of their
mean distances. But tests refute this proposal (the ratio of the mean solar distances of Jupiter and Sat-
urn, 5.2 to 9.5, when squared gives 1 to 3.34, which would make the ratio of their periods 11.9 to 39.7,
whereas in fact it is about 11.9 to 29.5). The planetary periods going out from the Sun increase more
rapidly than the solar distances, but less rapidly than these distances squared. Modifying the simple
distance-variation of the solar virtue would complicate matters. Meanwhile Kepler, invoking archetypal
patterns, had to suppose that the sizes, quantities of matter, and densities of the planets were not ran-
domly distributed, but varied in some geometrically describable and aesthetically pleasing way with
distance. Some function of these factors must be involved in limiting their motions. By the time Ke-
pler wrote the Epitome, he had found the appropriate function; but without knowing this function, he
could have discovered the third law, simply from the hypothesis that the planetary factors limiting the
planetary motions varied monotonically with distance, in such a way as to make the periods propor-
tional to some power of the distances less than the square. An obvious candidate for testing was the
3/2 power.
As Martens observes, by the time he wrote the Introduction to the Rudolphine Tables (1627), Kepler had
concluded that the rotations of the Sun, Earth, and Moon are slightly irregular, and that the planetary mo-
tions are disturbed by small departures from the Keplerian rules, extra ordinem. Thus the physical world
had proved a less perfect representation of God’s ideas than he had originally imagined (pp. 167–168).
Martens devotes a final section to the fate of Kepler’s philosophical thought. “Whether or not [Kepler’s
philosophy] influenced Descartes, and even though it influenced Leibniz, [it] was marked for extinction. . .
His achievements in astronomy and optics are so great that they cannot help but overshadow Kepler’s
methodological commitments, even though, as I have argued, these commitments made his remarkable
discoveries possible” (pp. 174–175).
This is a work of careful scholarship, rich in detail, in thoughtful assessments, and in thought-provoking
questions.
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